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positions comprising compounds ot tormuia j. m 

, T [ erm " lower alk yl" and derivations thereof appearm* m the above definition* 

30 alf eWh r- in th£ r aDt Spe , dficati0n denote Auptc ntSning^ 1 to 6 Son 
30 atoms inclusive, such as methyl, ethyl, propyl, isopropyl, butyl isobutvl thS? 30 
pentyl, amy], hexyl, and the like. The term "c^cloaff denS Si pSX 
having from 3 to 10 carbons such as cydopropyl, cycHutyl CTclooenS 3H 
cyclopentylmethyl, cyclopentylethyi, ^iS^^^^^^ - - 
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35 



40 



propyl, and the like. The term "aralkyl" and derivations thereof appearing m Ae 
above definitions and elsewhere in the instant specification denote phenylalkyl and 
substituted phenylalkyl groups containing from 7 to 10 carbon atoms, inclusive, such 
as benzyl, o-, m- and p-methylbenzyl, phenylethyl and 3-(phenyl)propyl. 

The compounds of Formula I are prepared according to this invention by react- 
ing a steroid of the general formula 



H Z C0H 




wherein R 1 , R 2 , R 3 , P, Q and Z l are as previously defined with a chloroformate having 
the general formula: 

0 

a— c— or 4 
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(B) 

wherein R 1 is as previously defined. The steroid of Formula A can be reacted in a 
She solution with the chlorocarbonate of Formula B in excess of one mole of 
tie s£?oid The Son can be conducted in the presence of a cosolvent such as 
SoroforS; dSoromethane, monoglyme, or tetrahydrofuran , since p^to 

15 solution may cause some decomposition of certain of the reactants. The reaction is a 
coEefat a temperature of from -70° to 20°C, for from 5 to 48 hours, pre- 
e°Sy for Is hSat 0°C, and purified by conventional proced^Fo^pk, 
the reaction mixture containing the product carbonate can be ^ ut f *™ ™?> 
itered, and the solid product dried and purified by crystallization or chromatography 

20 on silica eel to yield the 21-corticoid carbonates of Formula I. 

20 sihca t^J^ of Fomula B ^ r with ^^-^fjj^ 

reacting them with steroids are disclosed in U.S. Patents 3,056,727, 3,314,856, 
3 329 570 3509,641 and Belgium Patent 706,333. In general, the chloroformates/are 
formed by reacting a corresponding alcohol with an excess of phosgene in a suitable 

25 fam organic solvfnt to ob£in the chlorocarbonate. For example, phosgene can be 25 
aUowed to bubble for a period of 1.5 hours into 120 cc. of anhydrous ethanol cooled 
to 0°C Then 30 g. of cydohexylmethanol is introduced. The reaction mixture istiien 
agitated at 0°C for a period of 24 hours, the phosgene is removed by bubbling 
nSogen therethrough, and the mixture is concentrated to dryness under vacuum to 

30 *****£fi!$S£S^ methyl chloroformate, ethyl f cWoroformate, ^ 

preparation in U.S. Patent 3,053,838. Among the suitable startmg steroids useful in 
Se process of this invention can be mentioned the 16«,17«-acetal derivatives of 35 
6a-fluoro-llj8,16«,17«,21-tetrahydroxypregn^-ene-VO-dione, 
6 a -chloro-llA16 a 47a 3 21-tetrahydroxypregn-4-ene-3 3 20-dione, > 
6«,9a-dmuoro-ll.(3 J 16a,17«,21-tetrahydroxypregn4-ene-^20-dione, 

6«,9«-dichloro-ll/U6«,17«,21-te^^ 

6a<Woro-9«-fluoro-llftl6a,17«^l-tetrahydroxypregn-4^e-3^0-dione, 40 

9a-cMorc^6«-fluoro41&16a,17a,21-tetr^ 
6a J 9«,lliS-tricMoro-16af 3 17a,21-trihydroxypregn-4^ne-3,20^one, 
^llfi-dicbloro-ea-fiuoro^e^Ua^l-trmydtoxypregn^-ene-^CWione, 
6 a -fluoro-llj3,16a 5 17^1-tetrahydroxypregna-l ) 4 / diene-3^0-dione, 

45 6«-fluoro41j8,16«,17 a ,21-tetrahydroxypregna-l 3 4-diene-3^0-dionA. 

e^difluoro-ll^l^na^l-tetrahydroxyprepa-l^-diene-S^O-dione, 



3 
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6a,9a-dichloro41^6a,17a,21-tetrahydr^^ 

6a^cMoro-9a-fluoro41ftl6a,17a a 21-tem 

9a-cMoro-6G^fluoro-ll&,16a,17^ 

6d,9a,ll/^tricMoro-16a,17a,21-trihydrox^^ and 

5 9«,110-dichloro-6a-fluoro ^jlTtt^l-trihydraxypregna-l^-diene-S^-dione, 5 

with lower alkanals such as paraldehyde, propanal, and hexanal; halogenated lower 
alkanals such as chloral hydrate trifluoroacetaldehyde hemiacetai and hepta fluoro- 
butanal ethyl hemiacetai; di(lower alkyl)ketones, such as acetone, diethylketone, di- 
butylketone, methylethylketone, and methylisobutylketone; halogenated di(lower alkyl)- 

10 ketones, such as 1,1,1-trifluoroacetone; cycloalkanones, such as cyclopentanone, cyclo- 10 
hexanone, suberone, cyclobutanone, and cyclodecanone; mono- and dicycloalkyl 
ketones, such as cyclohexylmethyl ketone and dicyclopropyl ketone; monocyclic 
aromatic aldehydes, such as benzaldehyde, halobenzaldebydes (e.g. /M±iorobenzalde- 
hyde and p-fluorobenzaldehyde), lower alkoxy beozaldehydes (e.g. #-anisaldehyde), 

15 di(lower alkoxy)benzaldehydes (e.g. veratraldehyde), hydroxybenzaldehydes (e.g. sali- 15 
cylaldehyde), dihydroxybenzaldehydes (e.g. resorcylaldehyde), lower alkyl benzalde- 
hydes (e.g. m-tolualdehyde and p-ethylbenzaldehyde), di(lower alkyl)benzaldehydes 
(e.g. a^dimethyibenzaldehyde), nitrobenzaldehydes, acytemidobenzaldehydes (e.g. N- 
acetylanthranildaldehyde), and cyanobenzaldehydes; monocyclic aromatic lower 

20 alkanals, such as phenylacetaldehyde, .a-phenylpropionaldehyde, /?-phenylpropionalde- 20 
hyde, y-phenylbutyraldehyde, and aromatically-substituted halo, lower alkoxy, hydroxy, 
lower alkyl, nitro, acylamido and cyano derivatives thereof; monocyclic heterocyclic 
aldehydes, such as picolinaldehydes, furfural, thiophene carbonals and halo, lower 
alkoxy, hydroxy, lower alkyl, nitro, and cyano derivatives thereof; monocyclic hetero- 

25 cyclic lower alkanals; monocyclic aromatic lower alkyl ketones, such as acetopbenone, 25 
propiophenone, butyrophenone, valerophenone, iso-caprophenone, halophenyl lower, 
alkyl ketones (e.g. p-chloroacetophenone and p<-chloropropiophenone), (lower alkoxy)- 
phenyl lower alkyl ketones (e.g. p'-anisyl methyl ketone), di(lower alkoxy)phenyl lower 
alkyl ketones, hydroxyphenyl lower alkyl ketones, dihydroxphenyl lower alkyl ketones 

30 (e.g. resacetophenone), (lower alkyl)phenyl lower alkyl ketones (e.g. methyl />-tolyl 30 
ketone, di(lower alkyl)phenyl lower alkyl ketones (^p-xylyl methyl ketone), nitro- 
phenyl lower alkyl ketones (e.g. ^-nitroacetophenone), acylamidophenyl lower alkyl 
ketones (e.g. acetylanilines), and cyanophenyl lower alkyl ketones; benzophenone, and 
mono or bis substituted halo, lower alkoxy, hydroxy, lower alkyl, nitro, acylamido 

35 and cyano derivatives thereof; monocyclic aromatic lower alkanones, such as 1-phenyl- 35 
3-butanone and l-phenyl-4-pentanone, and aromatically substituted derivatives there- 
of; monocyclic heterocyclic ketones, such as 2-acetylfuran, 2-benzoylfuran, and 2- 
acetylthiophene; monocyclic heterocyclic lower alkanones; and monocyclic hetero- 
cyclic ketones, such as alloxan. 

40 Example 1 40 

Ethyl chloroformate (1 ml.) is added to a solution of 6a,9a-difluoro-llj&,16^17a, 
21-tetrahydroxypregna-l,4-diene-3,20-dione 16^,17x-acetonide (500 mg.) in pyridine 
(15 ml.) at 0°C. The reaction mixture is maintained at 0°C for 18 hours, poured 
into water, filtered, washed with water, and crystallized from acetone-hexane to yield 

45 6d,9o: - difluoro - ll/?,16ar,17a,21 - tetrahydroxypregna - 1,4 - diene - 3,20 - dione 45 
16a,17a-acetonide 21-ethyl-carbonate. 

Example 2 
Repeating the procedure of Example 1 with 

6^-fluoro- 1 1 /?,16or, 17a,21-tetrahydroxypregna-4-ene-3,20-dione 16a,17a- 
50 acetonide, 50 
6a-chloro-llj8,16«,17a,21-tetrahydroxypregn-4-ene-3,20-dione 16a,17o- 
acetonide, 

6^,9«-difluoro-l lj8,16a,17a,21-tetrahydroxypregn-4-ene-3,20-dione 16a,17a- 
acetonide, 

55 6ar,9a-dichloro-l l£,16*,17tf,21-tetrahydroxypregn-4-ene-3 ,20-dione 16a,17a- 55 

acetonide, 

fe-chloro-9a-fluoro-ll^,16a,17«,21-tetrahydroxypregn-4-ene-3,20-dione 
16ar,17o-acetonide, 

9a-chIoro-6a"fluoro-ll^,16a,17or,21-tetrahydroxypregn-4-ene-3,20-dione 
60 16«,17a-acetonide, 60 

6fli,9«,llj?-1xichloro-l6a:,l7a,2l-trihydroxypregn-4-ene-3,20-dione 16or,17a- 
acetonide. 
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9«,lli8^ichloro-6«-fluorc-16^ 

16a,1 6v£5^ 16 °> 17a - 

5 """J^^ 16a > 17 ~ 5 

^'SS^Wll^ 10 
10 16a,17a-acetonide, , , _ n 

6a>,llj3-trichloro-16«,17a,21-t^ 

16a,17«-acetonide, 15 
15 yields the corresponding 21-ethyl carbonates. 

Example 3 



20 



60 



20 
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Repeating the procedures of Examples 1 and 2 but replacing ethyl chloroformate 
with methyl chloroformate, n-propyl chloroformate, n-pentyl chloroformate, cydo- 
p%yl TcZoformate, cydopertyl "chloroformate, cyclohexyl ^roformatt cydo- 
proSylethyl chloroformate, cyclopentylmethyl chloroformate cydoheqd ethyl cMoro- 
foTate, benzyl chloroformate, and p-methylbenzyl chloroformate y^* e rb c °^r 
ponding 21-methyl carbonate, 21 - (n - propyl)carbonate, 21 - (p. - P^"* 0 ^ 
21-cvclopropyl carbonate, 21-cyclopentyl carbonate, 21-cyclohexyl carbonate, 21- 
cycSopyKrbonate, 21-cyclopentyIinethyl carbonate, 21-cydohexylethyl carbonate, 
25 21-benzyl carbonate, and 21-(^methylbenzyl)carbonate of 
6aiooro-ll/U6«,17«,21-teu-ahydrox^^^ 
6^-cluoro41ftl6«,17 a ,21-tetrahydroxypregn4-en^3,20-di^ 
6a,9a-difluoro-11^16 a ,17«,21-tetrahydroxypregn-4-ene-3^0-dione 16«,17*- 

30 aCet °5a-dicMoro-llj8,16a,17«,21-tetrahydroxypregn-4-^^ 16a,17«- 30 

aCet °£chloro-9a-fluoro-lljS,16a 3 17ff,21-tetrahydroxypregn-4-ene^^ 

16a,17a-acetonide, , - n 

9«-cMoro-6«-fluoro-lli?,16«,17«-,21-tetrahydroxypregn-4-ene-3,20-dione ^ 

35 16a,17<*-acetonide, , 

6a,9a,l lj8-trichloro-16a,17«,21-tnhydroxypregn-4-ene-3,20-dione 16«,17«- 

9«,llj8-dichloro-6«-fluoro-16ff,17«,21-trihydroxypregn-4-ene-3,20-dione 
40 16a 'Suoro^ 16or,17«- 40 

^fo-chloro^lftlfe,^^^ 16«,17«- 
JCe ^9a-difluoro-llA16«,17a,21-tetrahydroxypregna-l,4^ 



45 



45 ^^e^cMoro^^ 
16a '9^-"chS 

16a,17«-acetonide, . .. - ft 

50 6a,9«,lli8-trichloro-16 a ,17«,21-trihydroxypregna-l,4-diene-3^0-(li(me 50 

16«,17a-acetonide, and a-v\j,w 
9 a ,llj8-dichloro-6«-fluoro-16a,17a,21-trmydroxypregna-l,4-diene-3,20-dione 

16a,17«-acetonide. 

Example 4 

« Following the procedure of Example 1, 21-ethylcarbonates of &r,9« - drauoro- 55 

llftl6*17«tf 1 - tetrahydroxypregna - 1,4 - diene - 3,20 - dione 16«,17a t - acetek, 
wherein the 16«,17a-acetal groups are acetals of propanal, hexanal, chloral hydrate, 
trifluoroacetaldehyde hemiacetal, hepta fluorobutanal ethyl hemiacetal, acetone, di- 
ethylketone, dibutylketone, methylethylketone, methyhsobutylketone, 1,1,1-tnfluoro- 
acetone, cydopentanone, cyclohexanone, suberone, cyclobutanone, cyclodecanone, 
cydohexylmethylketone, dicyclopropylketone, benzaldehyde, ^chlorobenzaldehyde, p- 
fluorobenzaldehyde, o-anisaldehyde, veratraldehyde, salteylaldehyde, w-tolualdehyde, 
p-ethylbenzaldehyde, o.p-dimethylbenzaldehyde, phenylacetaldehyde, a-pbeoylpro- 
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pionaldehyde, |3-phenylpropionaldehyde, picolinaldehyde,. furfuraldehyde, aceto- 
phenone, propiophenone, butyrophenone, valerophenone, isocaprophenone^ f^cWoro- 
acetophenone, p-chlororopiophenone, p-anisyl methyl ketone, methyl p-tdyl ketone, 
a,p-xylyl methyl ketone^ benzophenone, l-phenyl-3-butanone, l-phenyl-4-pentanone, 
5 2-acetylfuran, 2-benzoylfuran, 2-acetylthiophene, and alloxan are obtained from the . 5 
corresponding 21-hydroxy compounds. 

Example 5 

Improved anti-inflammatory activity of die compounds of this invention is 
demonstrated as follows. A "rat-ear" test was used to compare the anti-inflammatory 

10 activity of 6a,9a-difiuoro-ll£,16a,17ff,21-tet^ 10 
16a!,17a-acetonide 21-ethylcarbonate (Compound A) with 6a,9«-dffluoro-l 10,16^ 
17«,21-tetrahydroxypregna-l,4-diene-3 5 20^dione 16a,17a-acetonide (Compound B) the 
latter compound being a commercial anti-inflammatory compound having the generic 
name fluocinolone acetonide. 

15 The test is a modification of a method originally described by Tonelli, et al in 15 

Endocrinology 77, 625 (1965). A vehicle consisting of 20%> pyridine, S% distilled 
water, 74% diethyl ether and 1% croton oil is used. Intact male 21-day-old rats are 
anesthetized, and the test compound is inuncted onto the ear as follows-: 0.05 mL is 
inuncted onto the inside of the left ear and 0.05 ml. is inuircted onto the outside of 

20 the left ear. The vehicle containing the irritant is given simultaneously with the anti- 20 
inflammatory compound. Rats in a control group receive only the vehicle. Both ears 
are removed 6 hours after administration of the compound, and pieces of uniform 
size are punched out with a No. 4 cork borer. The pieces of ear are then weighed 
and the difference in weight increase between the two pieces of ear are determind. 

25 The data obtained is summarized in Table 1 showing the activity in comparison 25 

with the activity of hydrocortisone. 

Table 1 

Compound No. of rats Dose range tested, /*g. Activity (a) 
A 84 0.1 —2.7 390 

30 B 235 0.05—2.7 150 30 

M hydrocortisone has an activity value of one. 

As can be readily seen from the data in Table 1, as measured by the rat-ear 
test, the 21-ethylcarbonate is 2.6 times as active as the corresponding 21-hydroxy 
compound. 

35 WHAT WE CLAIM IS : — 35 

1. A compound of the formula: 




wherein 

R 1 is fluoro or chloro; 

40 R 2 is hydrogen, fluoro or chloro; 40 

R 3 is hydroxy or when R 2 is chloro^ R 3 can be chloro; 
R 4 is lower alkyl, cycloalkyl or aralkyl; 

P and Q are hydrogen, lower alkyl, halogenated lower alkyl, monocyclic cyclo- 
alkyl 3 monocyclic aryl, monocyclic aryl lower alkyl* monocyclic heterocyclic 
45 or monocyclic heterocyclic lower alkyl or together with the carbon atoms to 45 

which they are joined P and Q are cycloalkyl or monocyclic heterocyclic 
and 
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Z l is a sinele or double bond. .... , , u i . 

2. A compound of Claim 1 wherein R 4 is methyl, ethyl, n-propyl, cyclohexyl, or 

cyclohexylmethyl. . . , „ . • 

3 A compound of Claim 1 wherein R" is lower alkyl. 
5 £ A compound of Claim 3 wherein P and Q, together with the carbon atom to 

which they are joined are cyclopentyl or cyclohexyl. 

5. A compound of Claim 4 wherein R 2 is hydrogen. 

6. A compound of Claim 4 wherein R 2 is fluoro. 
7 A compound of Claim 3 wherein P and Q are methyl. 

10 8. A compound of Claim 7 wherein R 2 is hydrogen. 

9 As a compound of Claim 8, 6a - fluoro - 11&21 - dihydroxy - 16or,17a - iso- 
propylidenedioxypregn - 4 - ene - 3,20 - dione 21-cthyl-caibomte. 

10 As a compound of Claim 8, 6a - fluoro - llj8,21 - dihydroxy - I6a,l7«- 
isopropylidenedioxyprepa - 1,4 - diene - 3,20 - dione 21-ethylcarbonate. 

15 ii. a compound of Claim 7 wherein R 2 is fluoro 

12. As a compound of Claim 11, 6a,9a - difluoro - lltfl - dihydroxy - 16a, 
17a - isopropylidenedioxypregn - 4 - ene - 3,20 - dione 21-ethylcarbonate . 

13. As a compound of Claim 11, 9«,11^ - dichloro - - fluoro - 21 - hyfcoxy- 
16 a ,17o - isopropyfldenedioxypregna - 1,4 - diene - 3,20 - dione 21-ethylcarbo^te^ 

20 14. The process for the preparation of a 21-carbonate ester of the general 20 

formula: 



10 



15 




wherein 

R 1 is fluoro or chloro; 2 - 
25 R 2 is hydrogen, fluoro or chloro; 

R 3 is hydroxy or when R 2 is chloro, R 3 can be chloro; 



R 1 is lower alkyl, cycloalkyl or aralkyl; 

P and Q are hydrogen, lower alkyl, halogenated lower alkyl, monocyclic cyclo- 
alkyl, monocyclic aryl, monocyclic aryl lower alkyl, monocyclic heterocyclic or mono- 
30 cyclic heterocyclic lower alkyl or together with the carbon atom to which they are 
joined P and Q are cycloalkyl of monocyclic heterocyclic, and Z 1 is a single or double 

b ° nd which comprises reacting together a corresponding 21-hydroxy starting steroid, 
and a chloroformate of the formula: 



35 



wherein R* is lower alkyl, cycloalkyl, or aralkyl. m 

15. A compound according to Claim 1 substantially as herein described and 

exempMecL ^ according t0 Q a j m j substantially as herein described and exempli- 

40 6 ' 17.. a 21-carbonate ester having the general formula as defined in Claim 14 
when obtained by the process claimed in Claim 14 or Claim 16. 



30 



O 

Cl—C-OR 4 35 



40 



7 1,269,291 7 



18. A therapeutic composition comprising a compound as claimed in any one 
of Claims 1 to 13 or Claim 15, or Claim 17 and a pharmaceutical excipient. 

19. Therapeutic composition according to Claim 18 substantially as herein de- 
scribed. 

MEWBURN ELLIS & CO., 
Chartered Patent Agents, 
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Agents for the Applicants. 
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